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SUMMARY 

The results of pressure-distribution measurements obtained in flight 
over the free-blown canopy of a fighter-type airplane are presented. The 
measurements were obtained on the same canopy previously tested in the 
Langley full-scale tunnel in order to determine the degree of correlation 
between flight and wind-tunnel r esults and the ef'fects of Mach number and 
distortion on the pressure di stribution. The measurements show that for 
comparable condit ions there is good agreement between flight and wind
tunnel results for both the internal and external pressure coefficients. 
It is shown that Mach number has a greater effect upon vertical load 
coefficient than on either the fore and aft or s ide load coefficients. 
Within the limit of the tests, the effect of Mach number is independent 
of lift coefficient . The over-all eff ect of opening the canopy is to 
reduce the external negative pressure coefficients and, in general, to 
reduce the external loads. For the canopy tested~ the effects of distor
tion appear to be small. 

INTRODUCTION 

As a result of several failures of canopies during flight, the 
Bureau of Aeronautics, Department of the Navy~ re~uested the Langley 
Laboratory of the National Advisory Committee for Aeronautics to conduct 
a general investigation to determine the crit ical loading conditions for 
representative canopy types . The fir st part of this investigation was 
to include the measurement of the pressure distribution for three repre
sentative canopy types in t he Langley full-scale tunnel over a wide range 
of operating conditions of power, yaw~ lift coeffi cient, anQ canopy posi
tion. The canopy t ypes investigate d are the single sliding~ front and 
rear sliding, and bubble types, and the r esult s are reported in refer
ences 1, 2, and 3, r espectively. 

A second part of the investigation was to consist of flight measure
ments over one or two of the canopies t ested to determine the degree of 
correlation between full-scale- tunnel results and those from flight and 
to determine the severity of the effects of Mach number and distortion. 
The present paper gives flight r esults of the pressur6 measurements over 
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the bubble-type canopy. A brief indication is given of how the results 
may be extended beyond the scope of the flight tests to calculate loads 
on the canopy. 
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SYMBOLS 

dynamic pressure, pounds per square foot 

airplane lift coefficient 

internal static pressure in cockpit, pounds per square foot 

external pressure over canopy, pounds per square foot 

free-stream static pressure, pounds per square foot 

(
p ~ Po) external pressure coefficient ~ 

(Pi ~ Po) internal pressure coefficient ~ 

drag, side, and vertical 

tively (for example, 

external load coefficients, respec-

C
x 

= Lxe\ 
qA) 

vertical load coefficient due to attitude 

incre~nt in vertical load coefficient due to thrust 
coefficient 

increment in vertical load coefficient due to Mach number 

vertical external moment coefficient about leading edge of 
canopy 

acceleration due to gravity, feet per second per second 

mass density of air, slugs per cubic foot 

true airspeed, feet per second 

equivalent airspeed, miles per hour (va 1/2) 

_J 
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M 

D 

T 

Tc 

Lx, Ly , Lz 

Q 

Qc 

h 

A 

Subscripts: 

e 

i 

r 

Mach number 

diameter of propeller, feet 

thrust, pOllllds 

thrust coefficient ( T ~ 
pV2D2) 

drag, side, and vertical net load, respectively, POilllds 

torque, pound- feet 

torque coefficient ( Q ) 
pV2D3 

pressure altitude, feet 

maximum cross- sectional area of canopy transverse to 
longitudinal axis, 2.66 square feet 

(
-Cmz) center of pressure of canopy -c;-

external 

internal 

left 

right 

APPARATUS 

3 

Airplane and engine.- The 
a single-seated Navy fighter. 
which was mounted on the right 
to the airplane. 

airplane used in these t ests (fig . 1) was 
With the exception of an airspee d boom 
wing, there were no external modifications 

The airplane was powered by a Pratt & Whitney R-28oo-34w engine 
having a normal rated power of 2100 brake horsepower at sea l evel for 
2800 rpm driving a four-blade Aeroproducts propeller. The propelle r 
engine gear ratio was 0.45 to 1. The propeller was 12 f eet 7 inche s in 
diamete r having blades number H20C-162-1lM5 with an activity faetor 
of 106.2. 
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Canopy .- The canopy was a free-blown production model (fig. 2) and 
was the same one used in the full-scale-tunnel tests with the exception 
that the size of orifices and tubing installed for test purposes were 
made larger to minimize lag effects. The plexiglass part of the canopy 
was made from a sheet 1/4 inch thick. 

Instrumentation. - Standard NACA instrumentation was used to measure 
airspeed, altitude, acceleration, time, and static pressure at various 
locations on the airplane . The external static pressures on the canopy 
were measured by means of 52 flush-type orifices arranged in six rows 
transverse to the longitudinal axis and six additional orifices for spot 
checks along the line of symmetry . (See fig. 3. ) Pressure tubes of 

~-inch inside diameter connected each orifice with the recording manometer . 

The pressure lines were from 8 to 12 feet in length. Two additional cells 
were used, one to record reference pressure in rear part of the fuselage 
with respect to the pressure at the static holes of the pitot-static tube 
and the other to record pressure in the cockpit with respect to the pres
sure in the rear part of the fuselage. The static-pressure orifice in 
the cockpit was located slightly less than shoulder height and to the 
left of the pilot's seat . 

TESTS 

Insofar as possible the tests were arranged to obtain pressure dis
tribution data that would (1) be comparable to full-scale- tunnel r esults, 
(2) indicate Mach number effects, and (3) indicate distortion effects . 

The majority of the flight tests consisted of pull-ups at various 
speeds at an altitude of about 10,000 feet. For speeds below 190 miles 
per hour, the tests were made with the canopy closed, 3 inches open, half 
open, and full open (18 in.) . With the canopy in the closed position the 
tests were continued to a maximum Mach number of 0.717. The sideslip 
angle was not measured because in r eference 3 it will be noted that with 
small angles of sideslip the effect on the distribution is small. 

A group of tests were also made in level flight at two widely 
separated altitudes in order to give a wide range of thrust-coefficient 
value. 

In order to determine the effects of distortion of the canopy on the 
pressure distribution, a series of tests were made at the same Mach number 
and attitude but at widely separated altitudes . 

The flight tests were made with the ventilators open and the propel
ler operating at the conditions of thrust and tor~ue shown in figure 4 
calculated for normal rated power for the powered flights and with the 
throttle fully closed for the power-off tests. 
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At the higher Mach numbers the tests could not be carried to so high 
values of lift coefficient as were obtained in the tunnel because of the 
operating limitations of the airplane . In some instances, therefore, 
comparisons could not be made at exactly the same lift coefficients. 

METHODS AND RESULTS 

The individual point pressures acting on the canopy' surface were 
first reduced to pressure coefficient form and plotted in the plane of 
the six transverse sections shown in figure 3. In each case the pres
sure coefficients P and Pi were referenced to true free-stream static 

pressure. (See symbols for definition . ) The results are shown in 
figures 5 to 8. Figure 5(a) shows the power-off distributions for 
four canopy positions at a lift coefficient of 1.18. Figure 6(a) shows 
the power-on distributions for four canopy positions at a lift coeffi
cient of 0.50. Figures 5(b) and 6(b) are comparable distributions 
obtained from full-scale-tunnel measurements. Similar symbols and line 
segments have been used for various canopy positions for clarity in the 
comparisons. Figure 7 presents distributions obtained with the canopy 
closed for four Mach numbers ranging from 0.30 to 0.71 with power on and 
a lift coefficient of about 0.2. Figure 8 presents pressure distributions 
obtained at a Mach number of 0.67 and a lift coefficient of about 0.2 at 
about 10,000 and 28,000 feet pressure altitude. This figure is included 
to show the effects of distortion for the canopy in the closed position. 

The pressure measured within the canopy during the various tests was 
reduced to an internal pressure coefficient Pi' The results are shown 
in figure 9. 

From plots of the type shown in figures 5 to 8 the point pressures 
were summed to obtain the load coefficient acting vertically Cz , the. 
fore and aft load coefficient Cx , the load coefficient on each half of 

the canopy Cy2 ' CYr ' and the side load coefficient Cy . The process 

for reducing the data used was mainly one of numerical integration in 
which the summation of the products of the local pressure coefficient and 
its effective projected area was taken. Stray points could not be readily 
detected with the numerical method; therefore, a running plot of point 
pressure coefficient against airplane lift coefficient was made for each 
orifice. Since the curves obtained were straight lines below the critical 
Mach number, errors could be immediately detected. Even with these 
auxiliary plots it was found that the method was considerably shorter in 
this case than mechanical integration. 

The values of the external load coefficients determined in this 
manner are given in figures 10 and 11. Figure 10 shows the external load 
coefficient as a function of the airplane lift coefficient for both 
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power off and power on and for four canopy positions and a Mach number of 
about 0.30. A similar plot for Mach numbers ranging from 0.50 to 0.71 is 
presented in figure 11 for the canopy in the closed position and for 
power on. 

The associated internal load coefficients are presented in figures 12 
and 13. These coefficients were determined by methods sindlar to those 
for determining the external load coefficient. Figure 12 gives values of 
the internal load coefficient at a Mach number of about 0.3 as a function 
of airplane lift coefficient for all canopy positions and both power off 
and power on. The load coefficients associated with the higher Mach 
numbers are presented in figure 13 with power on and canopy closed . 

DISCUSSION 

Comparison with Wind-Tunnel Tests 

The pressure distributions measured in flight at low speeds confirm 
the principal features noted in the full-scale-tunnel tests. Partly 
opening the canopy reduced the magnitude of the external negative pres
sure coefficients and increased the internal negative pressure coeffi
cientA, increasing the lift coefficient caused a small increase in the 
magnitude of t he external pressure coefficients, and the high axial 
veloc ities and rotation of . the slipstream at high thrust conditions 
increased the magnitude of the pressure c oefficients and produced asym
metry in the distribution of pressure. 

This confirmation of the wind-tunnel results and the degree of cor
relation between flight and full-scale- tunnel measurements is illustrated 
by the pressure distributions shown in figures 5 and 6. Power-off results 
at CL = 1.18 are shown in figures 5 (a) and 5 (b). Quantitative agree
ment exists at all four canopy positions shown, even though the wind
tunnel tests were made with the propeller removed at a Mach number less 
than 0.1 and the flight tests were made with the propeller windmilling 
at M = 0.3. Slipstream effects are illustrated in figure 6 at CL = 0.50. 
The asymmetrical change in the magnitude of the pressure coefficients is 
more marked in figure 6(b) than in figure 6(a) since the value of Tc in 
the wind-tunnel tests is larger than that in the flight tests. This dif
fere~ce in the value of Tc accounts for the fact that the peak negative 

pressure coefficients obtained in the full-scale-tunnel tests are higher 
than those obtained in flight for the first three stations. Stations 
downwind from the maximum radius are less affected by the thrust 
differences. 

A comparison of the internal pressure coefficients obtained i n flight, 
power off,'with the results obtained in the full-scale tunnel is given in 
figure 14. Although the same canopy was used in both cases the wind-tunnel 
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tests were made on a different airplane. Internal canopy pressure is a 
function not only of the pressure distribution over the airplane but also 
of the area and location of the vario:lS leaks between the interior and 
exterior. With the canopy closed the values of pressure coefficient agree 
within ±0.05, even though two different airplanes were used and the cockpit 
ventilator was open in the flight tests but closed in the wind-tunnel 
tests. As shown in reference 4, closing the ventilator will reduce the 
cockpit pressure by 0.07~ with the canopy closed. With the canopy open 

the differences between test conditions would be expected to be of less 
influence, which as shown in figure 14 is the case for the two inte~diate 
positions. For the fully opened position, the difference between flight 
and wind-tunnel tests is chiefly the result of the different locations 
used for the static-pressure orifice. In the flight tests the orifice 
was fixed at the pilot's shoulder, whereas in the tunnel the orifice was 
fixed with respect to the canopy. The values obtained from the full-scale 
tunnel are believed more representative than the flight values. 

Mach Number and Distortioh 

In order to give a quantitative measure of the effects cf Mach number 
and distortion and to establish a basis for calculating canopy loads, it 
is convenient first to examjne the load coefficients (especially Cz ) as 
influenced by canopy position, lift coefficient, and power. 

Effect of canopy position.- It may be seen from figures 9 and 12 that 
as the canopy is opened 3 inches the pressure in the cockpit rapidly drops 
as indicated by the change in load coefficient CZi from a value of 0.15 

to a value of 1.53. The pressure continues to drop as the canopy is 
opened further until a value of 1.65 is reached with the canopy about 
half' open. With further opening of the canopy the pressure rises until 
CZi = 1.3 at the full-open position. The particular variation measured 

may be associated with the fact that for small canopy openings the interior 
is subjected to the low~ressure field at the opening with the configura
tion remaining essentially the same. At the larger openings, however, 
the configuration is changed and other factors such as protruding edges 
and slight angles of yaw may affect the result. 

The effect of canopy movement ~n the external pressures for both 
flight and full-scale-tunnel measurements illustrated in figures 5 and 6 
is to reduce the negative pressure over all but the last two stations. 
At these stations no definite trend may be seen. The change in the 
~tude of the external pressure coefficients is in the direction to 
reduce the pressure differential between the inner and outer surfaces of 
the canopy. The external load coefficients (see fig. 10) show, as would 
be expected, the over-all reduction in the magnitude of the pressure 
coefficient associated with opening the canopy. 
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, Effect of lift coefficient.- The results shown in figures 10 and 11 
for the external load coefficients and in figures 12 and 13 for the 
internal load coefficients indicate a linear increase with airplane lift 
coefficient. This variation is in line with the indications obtained 
from the auxiliary plots which showed pOint pressures to vary linearly 
with airplane lift coefficient. 

Effect of power.- From the pressure distributions it was observed 
that power has an influence on the ~neral level of the pre ssures 
measured. For sections ahead of the maximum radius the negative pres
sures are increased while behind this station the effect is to reduce 
the negative pressures. The over-al1 increase may be noted in figure 10 
where it is shown that the values for powered flight are above those for 
the power-off conditions . The dissymmetry introduced by power is most 
easily seen from examination of figures 10 and 14. In figure 10 it may 
be noted that the values of Cy for the power-on condition, r egardless 
of side, are larger numerically than those for no power although the 
resultant is quite small and varies linearly with thrust coefficient as 
may be noted from figure 14. 

From figure 12 it appears that the internal load coefficients did 
not vary with power condition within the limits of the experimental error. 

Effect of Mach number and distortion.- The pressure distributions 
given in figure 7 for the canopy-closed position indicate that as the 
Mach number is changed from 0.30 to 0.71 at constant lift coefficient the 
point pressures over the forward two stations are increased, whereas for 
the, pressures over the after sections no consistent variation may be 
noted. As shown in figure 11, the vertical load coefficient Cz and to 
a lesser extent the coefficients CY1 and CYr which are obtained from 

the consideration of the pressure coefficients on each half of the canopy 
show a variation with Mach number. In figures 7 and 11 Mach number 
effects are linked with variations in the value of Tc; therefore, the 

results of figure 10 have been used to correct the load coefficient Cz 
to the condition for Tc = 0 for several lift coefficients. The cor
rected variation is given in figure 15 where it may be seen that the 
change in load coefficient Cz with M is independent of the lift coef
ficient for the range given. It may be noted that had it been possible 
to give the distributions of figure 7 on the basis of equal or zero Tc 

the difference would have been larger than that shown. 

The flight results obtained with this canopy agree qualitatively as 
regards Mach number effects with those reported in reference 5 for 
canopy X-l which is similar to the one tested. 

From figure 8 it is seen that in spite of a large variation in 
dynamic pressure (208 to 466 lb/sq ft) any distortion causes changes 
which appear to be within the experimental error of the data. 
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tests were made on a different airplane. Internal canopy pressure is a 
function not only of the pressure distribution over the airplane but also 
of the area and location of the vario~ leaks between the interior and 
exterior. With the canopy closed the values of pressure coefficient agree 
within ±0.05, even though two different airplanes were used and the cockpit 
ventilator was open in the flight tests but closed in the wind-tunnel 
tests. As shown in reference 4, closing the ventilator will reduce the 
cockpit pressure by 0.07~ with the canopy closed. With the canopy open 

the differences between test conditions would be expected to be of less 
influence, which as shown In figure 14 is the case for the two inte~diate 
positions. For the fully opened position, the difference between flight 
and wind-tunnel tests is chiefly the result of the different locations 
used for the static-pressure orifice. In the flight tests the orifice 
was fixed at the pilot's shoulder, whereas in the tunnel the orifice was 
fixed with respect to the canopy. The values obtained from the full~cale 
tunnel are believed more representative than the flight values. 

Mach Number and Distortion 

In order to give a quantitative measure of the effects cf Mach number 
and distortion and to establish a basis for calculating canopy loads, it 
is convenient first to examine the load coefficients (especially Cz) as 
influenced by canopy position, lift coeffiCient, and power. 

Effect of canopy position.- It may be seen from figures 9 and 12 that 
as the canopy is opened 3 inches the pressure in the cockpit rapidly drops 
as indicated by the change in load coefficient CZi from a value of 0.15 

to a value of 1.53. The pressure continues to drop as the canopy is 
opened further until a value of l.65 is reached with the canopy about 
half' open. With further opening of the canopy the pressure rises until 
CZi = l.3 at the full-open position. The particular variation measured 

may be associated with the fact that for small canopy openings the interior 
is subjected to the low-pressure field at the opening with the configura
tion remaining essentially the same. At the larger openings, however, 
the configuration is changed and other factors such as protruding edges 
and slight angles of yaw may affect the result. 

The effect of canopy movement :In the external pressures for both 
flight and full~cale-tunnel measurements illustrated in figures 5 and 6 
is to reduce the negative pressure over all but the last two stations. 
At these stations no definite trend may be seen. The change in the 
magnitude of the external pressure coefficients is in the direction to 
reduce the pressure differential between the inner and outer surfaces of 
the canopy. The external load coefficients (see fig. 10) show, as would 
be expected, the over-all reduction in the magnitude of the pressure 
coefficient associated with opening the canopy. 
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. Effect of lift coefficient.- The results shown in figures 10 and 11 
for the external load coefficients and in figures 12 and 13 for the , 
internal load coefficients indicate a linear increase with airplane lift 
coefficient. This variation is in line with the indications obtained 
from the auxiliary plots which showed point pressures to vary linearly 
with airplane lift coefficient. 

Effect of power.- From the pressure distributions it was observed 
that power has an influence on the ~neral level of the pressures 
measured. For sections ahead of the maximum radius the negative pres
sures are increased while behind this station the effect is to reduce 
the negative pressures. The over-all increase may be noted in figure 10 
where it is shown that the values for powered flight are above those for 
the power-off conditions: The dissymmetry introduced by power is most 
easily seen from examination of figures 10 and 14. In figure 10 it may 
be noted that the values of Cy for the power-on condition, regardless 
of side, are larger numerically than those for no power although the 
resultant is Quite small and varies linearly with thrust coefficient as 
may be noted from figure 14. 

From figure 12 it appears that the internal load coefficients did 
not vary with power condition within the limits of the experimental error. 

Effect of Mach number and distortion.- The pressure distributions 
given in figure 7 for the canopy-closed position indicate that as the 
Mach number is changed from 0.30 to 0.71 at constant lift coefficient the 
point pressures over the forward two stations are increased, whereas for 
the pressures over the after sections no consistent variation may be 
noted . As shown in figure 11, the vertical load coefficient Cz and to 
a lesser extent the coefficients CY1 and CYr which are obtained from 

the con s ideration of the pressure coefficients on each half of the canopy 
show a variation with Mach number. In figures 7 and 11 Mach number 
effects are linked with variations in the value of Tc; therefore, the 

results of figure 10 have been used to correct the load coeff ic i ent Cz 
to the condition for Tc = 0 for several lift coefficients. The cor
rected variation is given in figure 15 where it may be seen that the 
change in load coefficient Cz with M is independent of the l ift coef
ficient for the range given. It may be noted that had it been possible 
to give the distributions of figure 7 on the basis of eQual or zero Tc 

the difference would have been larger than that shown. 

The flight results obtained with this canopy agree Qualitatively as 
regards Mach number effects with those reported in reference 5 for 
canopy X-I which is similar to the one tested. 

From figure 8 it is seen that in spite of a large variation in 
dynamic pressure (208 to 466 lb/sQ ft) any distortion causes changes 
whi ch appear to be within the experimental error of the data. 
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Extension of Results Beyond Scope of Tests 

Although the tAsts carried out in connection with the program. on 
the flight test airplane did not cover the full range of the design 
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V-n diagram.,the data obtained enable some extension beyond the range 
tested so that some discussion of the critical loads may be made. In 
this connection the results for the vertical load coefficient Cz given 
in figures 10, 12, 15, and 16 together with the following equation 
defining the vertical load 

have been found to be useful. The value of CZL is available from 

figure 10 for the appropriate canopy position for zero power . The incre
ment in coefficient due to thrust coefficient is available from figure 16 
for the various canopy positions. The increment in load coefficient due 
to Mach number can be obt~ined from figure 15. Corrections for Mach 
number are only available above M = 0.3 for the canopy-closed condition 
since operation with canopy open was restricted to speeds of less than 
196 miles per hour. The value of the internal load coefficient CZi 
may be obtained from figure 12 for the various canopy positions. 

The method outlined above has been applied to determine the canopy 
lDads along the path AB-FA of an arbitrary design V-n diagram. given in 
figure 17. In applying the results the computations were made for sea 
level with canopy closed and the engine operating at the thrust condi
tions shown in figure 4. The results are given in figure 18 where the 
full lines represent the external aerodynamic loads and the broken line 
the net aerodynamic loads; that is, internal loads have been taken into 
account. The net structural load may be obtained by subtracting the 
inertia load of 42 pounds per load factor. 

The results shown and the computations made in preparing figure 18 
indicate that insofar as vertical load is concerned the most severe con
dition occurs at the highest speed. The main cont~ibution is from the 
CZL term of the equation, the other terms being simply in the nature of 

corrections. This result applies particularly to the canopy-closed posi
tion. A detailed comparison is not possible with other canopy positions 
since Mach number corrections are not available. An examination of the 
quantities involved indicates, however, that as the canopy is open~d, the 
net vertical load changes from exploding to crushing. This change is due 
to the fact that as the canopy is opened the' load contribution from the 
first term in the brackets of the equation decreases and that due to the 
last term increases. At any given speed, however, the vertical crushing 
load with the canopy open is smaller than the vertical exploding load 
with the canopy closed. 
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From the discussion on net canopy loads it appears that it would be 
safe to open the canopy at any speed; however, the center of pressure of 
these loads has not been determiI~ed. In this connection moment c oeffi
c ients were calculated about the l eading edge of the canopy for the 
vert ical loads with power off . These r esults ar e pre sent ed in figure 19 
as the center of pressure as a function of airplane lift coeffi c i ent. As 
t he speed is incr eased in l evel flight the center of pressure moves 
f orward; also, as t he canopy is opened the center of pressure move s 
forward. It wi ll be noted t hat the center of pressure will be approxi
mately ha lfway between t he support s at the present r estrict ed speed of 
196 miles per hour . Si nce t he magnitude of t he net load i s r e duced as 
the canopy is opened , loads on t he f ront support will not be larger f or 
the canopy opened t han f or t he canopy closed unless t he a i rplane is 
subject ed to yawed fl i ght. 

SUMMARY OF RESULTS 

External and i nternal pressure mea surements have been made on a 
bubble- t ype canopy of a single- seated fighter airplane with power off 
and power on f or f our canopy posit ions. Wi thin t he l i mit ations of the 
data the results show that: 

1. Quantitative agreement exists between fl i ght and full-scale wind
tunnel measurements. 

2. The over-all effect of opening the canopy i s t o reduce the 
external negative pressure coefficients . 

3. The external l oad coefficients i ncrease i n magnitude with an 
increase in lift coefficient. For all conditions tested this incr ease, 
whether with power off or power on, shows a linear variation with angle 
of attack. 

4. Changes in pressure coefficients due to the effects of power 
result in both an increase in negative pressure coefficient and load 
asymmetry to the right for stations ahead of the maximum radius and to 
the left for stations aft of that point . 

5. The vertical external load coefficient increases in magnitude 
due to the effects of Mach number. This increment is independent of the 
lift coefficient below the critical Mach number . Changes in othe r load 
components due to the effects of Mach number are of a second- order nature 
as compared to the magnitude of the vertical l oad coefficient changes. 

6. The effects of distortion do not appear to be significant for 
this structure. 

7. The center of pressure of the canopy moves f orward with both an 
increase in s peed in level flight and opening t he canopy. 
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Extension of Results Beyond Scope of Tests 

Although the tests carried out in connection with the program. on 
the flight test airplane did not cover the full range of the design 
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V-n diagram.,the data obtained enable some extension beyond the range 
tested so that some discussion of the critical loads may be made. In 
this connection the results for the vertical load coefficient Cz given 
in figures 10, 12, 15, and 16 together with the following e~uation 
defining the vertical load 

have been found to be useful. The value of CZL is available from 

figure 10 for the appropriate canopy position for zero power. The incre
ment in coefficient due to thrust coefficient is available from figure 16 
for the various canopy positions. The increment in load coefficient due 
to Mach number can be obtained from figure 15. Corrections for Mach 
number are only available above M = 0.3 for the canopy-closed condition 
since operation with canopy open was restricted to speeds of less than 
196 miles per hour. The value of the internal load coefficient CZi 
may be obtained from figure 12 for the various canopy positions. 

The method outlined above has been applied to determine the canopy 
IDads along the path AB-FA of an arbitrary design V-n diagram. given in 
figure 17. In applying the results the computations were made for sea 
level with canopy closed and the engine operating at the thrust condi
tions shown in figure 4. The results are given in figure 18 where the 
full lines represent the external aerodynamic loads and the broken line 
the net aerodynamic loads; that is, internal loads have been taken into 
account. The net structural load may be obtained by subtracting the 
inertia load of 42 pounds per load factor. 

The results shown and the computations made in preparing figure 18 
indicate that insofar as vertical load is c oncerned the most severe con
dition occurs at the highest speed. The main· cont~ibution is from the 
CZL term of the e~uation, the other terms being simply in the nature of 

corrections. This result applies particularly to the canopy-closed posi
tion. A detailed comparison is not possible with other canopy positions 
since Mach number corrections are not available. An examination of the 
~uantities involved indicates, however, that as the canopy is opened, the 
net vertical load changes from exploding to crushing. This change is due 
to the fact that as the canopy is opened the load contribution from the 
first term in the brackets of the e~uat ion decreases and that due to the 
last term increases. At any given speed, however, the vertical crushing 
load with the canopy open is smaller than the vertical exploding load 
with the canopy closed. 
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From the discussi on on net canopy loads it appears that it would be 
safe to open the canopy at any speed; however , the center of pr essure of 
these loads has not been determir"ed. In this connection moment coeffi
cients were calculated about the leading edge of the canopy for the 
vert ical loads with power off . These r esults are presented in figure 19 
as the center of pressure as a function of airplane lift coefficient. As 
the speed is increased in level flight the center of pressure moves 
forward; also, as the canopy is opened the center of pressure moves 
forward. It will be noted that the center of pressure wi l l be approxi
mately halfway between t he supports at the present restricted speed of 
196 miles per hour. Since the magnitude of the net load i s r educed as 
the canopy is opened, loads on the front support will not be larger f or 
the canopy opened than for the canopy closed unless the a i rplane is 
subjected to yawed flight. 

SUMMARY OF RESULTS 

External and internal pressure measurements have been made on a 
bubble-type canopy of a single-seated fighter airplane with power off 
and power on for four canopy posit ions. Within the l i mitat i ons of the 
data the results show that : 

1. Quantitative agreement exists between flight and full-scale wind
tunnel measurements . 

2. The over-all effect of opening the canopy is t o r e duce the 
external negative pressure coefficients . 

3. The external load coefficients increase in magnitude with an 
increase in lift coefficient. For all conditions tested this increase , 
whether with power off or power on, shows a linear variation with angle 
of attack . 

4. Changes in pressure coefficients due to the effects of power 
r esult in both an increase in negative pressure coeff icient and load 
asymmetry to the right for stations ahead of the maximum radius and to 
the left for stations aft of that point. 

5. The vertical external load coefficient increases in magnitude 
due to the effects of Mach number . This increment is independent of the 
l ift coeffi cient below the critical Mach number . Changes in other load 
components due to the effects of Mach number are of a second-order nature 
as compared to the magnitude of the vertical load coefficient changes . 

6. The effects of distortion do not appear to be significant for 
this structure. 

7. The center of pressure of the canopy moves forward with both an 
increase in speed in level fl i ght and opening the canopy_ 

- I 
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8. The load coefficients obtained from the pressure measurements can 
be used to calculate net structural loads on the canopy of the airplane 
under operating conditions of altitude J power J speed, and load factor 
within the design V-n diagram. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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Figure 2. - Test-airplane canopy clos ed. 
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